SEVEN or eight years ago our theories of the cause of diabetes appeared to be nmuch more complete and satisfactory than they are to-day. There seemed to be no serious doubt that the cause of the majority of cases of diabetes mellitus was a deficient secretion of the islets of Langerhans of the pancreas. There was some indication that the pituitary gland might sometimes be involved, but it was generally agreed that the posterior rather than the anterior lobe of this gland was to be considered.
During the years 1930-31 the Argentinian investigator B. A. Houssay and his colleagues announced some results of investigations on-the relationship of the pituitary gland to experimental diabetes which were of fundamental importance, and although their significance was not at once generally recognized, Houssay's researches have undoubtedly provided the main stimulus for the vast amount of research in this field which has taken place during the last few years. Houssay's first important discovery in this connexion was the observation that in a variety of species removal of the pituitary gland greatly diminished the severity of the symptoms of diabetes which normally follow extirpation of the pancreas (8ee Houssay and Biasotti [1931] , and Houssay [1936] for summaries of the results of these extensive researches). It was also shown that implantation or injection of anterior (but not of posterior) pituitary material into a hypophysectomized-depancreatized animal resulted in a great increase in the severity of the diabetic symptoms. Subsequently Houssay and a number of other investigators almost simultaneously observed that the daily administration to intact normal animals of extracts of the anterior pituitary lobe might result in the appearance of the symptoms of diabetes which, however, disappeared the cessation of daily injections. All these results combined to suggest that hyperfunction of the anterior pituitary lobe might sometimes provide a cause of the symptoms of diabetes mellitus.
Before I go further I should perhaps define the manner in wNhich I propose to use the words " diabetes " and " diabetogenic ". A condition in which the symptoms hyperglyceamia, glycosuria, ketonuria, polydipsia, and polyuria, are exhibited will be termed " diabetes ", and any agent which provokes the appearance of all these symptoms simultaneously will be described as " diabetogenic ". The use of the term " diabetes mellitus " will be restricted to a description of diabetes in human beings. It should be pointed out that the majority of the investigations considered will be concerned with the artificial production of diabetes in animals, and there is no proof that the results of these researches will directly throw light on the aetiology of clinical diabetes mellituis, though it seems possible that they may ultimately do so. I propose to consider first some investigations on the experimental production of a diabetic condition by anterior lobe treatment, then to discuss the action of anterior pituitary extracts on particular aspects of carbohydrate metabolism, and finally to discuss, very briefly, the possible mechanism whereby these pituitary extracts exert their diabetogenic action. It will be possible to consider only a small fraction of the total number of papers published in each field, and I hope I may be forgiven if I tend to consider the results of investigations in which I have been concerned, perhaps to the exclusion of the results of more important or interesting researches.
SEPT .-THERAP. I  THE PRODUCTION OF A DIABETIC CONDITION BY THE ADMINISTRATION OF AN ANTERIOR PITUITARY EXTRACT. Dogs are by far the most satisfactory animals to use for the demonstration of the diabetogenic activity of anterior pituitary extracts in intact animals (cf. Young, 1938 A) . Cats and rabbits exhibit less striking and consistent results, while rats and mice are comparatively insensitive. Extracts with diabetogenic activity are only slowly effective and it is only after two or three daily injections that hyperglycaemia and glycosuria appear.
If a dog is given a daily intraperitoneal injection of a suitable amount of a crude saline extract of fresh anterior pituitary gland there is usually no obvious result until the third or fourth day, when hyperglycaemia is exhibited, the urine volume increases, and sugar and ketone excretion begins. If the daily administration of the same amount of extract is continued for from seven to ten days, the glycosuria and ketonuria (but often not the polyuria) usually subside and finally disappear in spite of the continued daily injections. If the amount of extract injected daily is then suitably increased, hyperglycoamia, glycosuria, and ketonuria, reappear, only to disappear again with continued daily administration of the diabetogenic extract (Young, 1936 A and . The disappearance of the symptoms, followed by a reappearance, with increase in the amount of extract injected daily, may occur a number of times, and has been observed in rabbits and cats as well as in dogs. The discovery of this phenomenon suggested that if the amount of extract injected was increased suitably at intervals of three days ( fig. 1 ), the animal should remain continuously diabetic during the period of injections, and this proved to be so (Young, 1937 D) . An important question then became evident: If the amount of extract injected daily were increased to a very high level, would the dog become completely resistant to the diabetogenic action of the extract, or would it lose its power of becoming resistant ? The latter proved to be the answer, and all except one of the animals investigated have been found to be incapable of resisting the diabetogenic action of a daily dose of crude extract equivalent to 25 grm. of fresh tissue. Moreover, in these animals, when the daily injections of extract ceased, the diabetic condition continued and had apparently become permanent (Young, 1937 D) . This was of interest for the reason that treatment with anterior pituitary extract appeared to provide a means of producing a permanently diabetic condition without recourse to surgical interference with the pancreas. To date, of six dogs treated with suitably large doses of extract only one has failed to become permanently diabetic (Young, 1938 D) . The remaining five have shown no sign of recovery from the diabetic condition, but their behaviour has differed in a number of respects from that of depancreatized dogs. The most important difference is that our dogs are able to survive for long periods, perhaps indefinitely, without insulin treatment. Up to the present two dogs have lived for ten months and another for six months without exhibiting any indication of the necessity of insulin treatment. Another point in which our dogs differ from depancreatized dogs is that in the former the loss of body-weight is not excessive, provided that sufficient food is given, and for long periods a normal body-weight may be maintained. This is in spite of the fact that these dogs give the classic symptoms of being able to oxidize only a small part of ingested carbohydrate. Metabolic studies on these dogs have been carried out in collaboration with Mr. H. P. Marks (8ee Marks and Young, 1938 B) , and Table I gives an indication of the type of data obtained, and the influence of alterations in the composition of the diet. From this table it will be seen that when the dog is receiving a protein diet the D/N ratio indicates, according to the general interpretation, maximal formation (and excretion) of sugar from protein. Ketone excretion is much less on a carbohydrate diet than on a regime of protein food. Body-weight can be maintained, or even gained, on the high protein diet if sufficient food is ingested, in marked contrast to a depancreatized dog, and, for a short time at least, weight may Days after inj'ections were begun.
FIcG. l.-Dog receiving daily inljections of a crude anterior lobe extract. The figures on the arrows give the weight, inl grm., of fresh ox ailterior lobe used to prepare the amount of extract injected daily, from the day indicated by the arrow, onwards. Injections ceased oii the daY indicated by the arrow carrying 0. The ketonuria, which fell to a low level following the cessation of injections, rose later. not be lost on the high fat diet. As would be expected, the animal loses weight rapidly when receiving the carbohydrate diet.
If 50 grm. of glucose is given to one of these dogs when it is fasting, or receiving a protein diet, sometimes, though not always, the whole of the sugar may apparentlv be excreted ( fig. 2 ), the sugar tolerance curve being of a diabetic type ( fig. 3 ) and often having a terminal rise. On the other hand, if the dog is fed on a high carbohydrate diet, 10% or so of the carbohydrate ingested daily may be retained (Table I) , so there can be little doubt that these dogs are able to utilize a small amount of sugar. As inight be expected, their respiratorv quotient is abnormally low and, so far, no rise has been detected after the ingestion of 50 grm. of glucose.
Two of these dogs have received insulin treatment for short periods as an experimental procedure. Each required about 60 units a day of insulin to render the urine almost free from sugar and ketones when it was receiving a liberal mneat diet. It should be mentioned that none of the dogs has exhibited symptoms indicative of deficiency of the external secretion of the pancreas. show that, in these experiments, the extra 50 grm. of glucose were apparently quantitatively excreted. In other experiments on the same dog the glucose recoveries were sometimes not as complete as in those illustrated above.
Hours.
FIG. 3.-Blood-sugar curves after the oral ingestion of 50 grm. of glucose in the dog. Curve A: Average results for three experiments on different dogs made diabetic by treatment with pituitary extract. N.B.-The rise of blood-sugar between five and six-and-a-half hours was present in all three instances. Curve B: Average result for two experiments on normal dogs.
Examination of specimen of pancreatic tissue from two dogs which had been diabetic for ten months has revealed changes in the islets of Langerhans (Richardson and Young, 1938) . In one instance the islets were completely hyalinized and contained no detectable normal islet tissue. The pancreatic tissue of the other dog, which incidentally has given the lowest D/N ratios and glucose recoveries of those so far examined, contained a few normal islets, but most of the islets examined showed varying grades of depletion of the cytoplasmic granules of the beta cells. In both instances there was an extensive fatty infiltration of the pancreatic duct epithelium.
The other endocrine glands of these dogs showed no striking abnormality, but it may be mentioned that in one instance there appeared to be an unusually large number of vesicles containing colloid in the pars intermedia of the pituitary gland.
Dr. C. H. Best has informed me that he and Dr. J. Campbell have recently succeeded in confirming these observations on the production of a permanent diabetes in dogs by anterior lobe treatment, in the University of Toronto. Dr. Best and Dr. Campbell have also observed changes in the histological picture of the islets of Langerhans of one of these dogs.
Before I pass on to consider other aspects of the action of anterior pituitary extracts on carbohydrate metabolism, I will mention four possible methods of explaining the difference between the behaviour of these permanently diabetic dogs and that of depancreatized dogs.
(1) The diabetic condition of these dogs is due to a deficiency of insulin, but the islets can still secrete an amount of insulin which, if suitably administered to a completely depancreatized dog, would be sufficient to maintain life. (2) The diabetic condition is due to deficiency of insulin, which would lead to fatal inanition in the depancreatized dog, owing to the absence of pancreatic enzymes. The subnormal digestive powers of the depancreatized dog would not permit of the ingestion of sufficient non-carbohydrate food to cover the urinary loss of carbohydrate, but our diabetic dogs are able to obtain sufficient calories by the ingestion of large amounts of non-carbohydrate food.
(3) The diabetic condition is due to the action of an extra-pancreatic factor, which stimulates an overproduction of sugar in the body. An attempted compensation by the pancreatic islets would involve increased secretion of insulin, which might lead to a picture of exhaustion or degeneration in the islet cells. (4) The acinar tissue of the pancreas plays a hitherto unsuspected role in the metabolism of carbohydrate. One cannot do more than mention these possibilities at the present stage, but I would like to point out that the second of these suggested explanations carries the implication that the old belief that the complete oxidation of fat requires the co-operative oxidation of carbohydrate is incorrect. Unfortunately, it is not possible to discuss this point here (see, however, Young, 1936 A).
The discussion of the mechanism of the diabetogenic action of anterior lobe extracts will involve a consideration of the action of anterior pituitary substances on some general aspects of carbohydrate metabolism and the action of insulin in particular.
THE INFLUENCE OF THE ANTERIOR PITUITARY GLAND ON THE ACTION OF INSULIN.
Insulin has a number of different but related actions on the metabolism of carbohydrate, and the influence of extracts of the anterior pituitary gland on a number of these will be considered separately.
(a) The general hypoglyccemic action of insulin.-As long ago as 1925 Houssay and Magenta found that hypophysectomy markedly increases the sensitivity of an animal to the hypoglycawmic action of insulin, but it is only within the last few years that the influence of anterior lobe extracts on the insulin sensitivity of hypophysectomized 1309 and of normal animals has been investigated. Cope and Marks (1934) found that the daily administration of a crude saline extract of anterior lobe to a rabbit induced a chronic insensitivity to the hypoglycaemic action of insulin, so that the intravenous administration of 2 units had no observable effect on the blood-sugar level. It should be stressed that in the experiments of Cope and Marks, as in others which will be considered shortly, the administration of the anterior pituitary extract had, in most instances, no significant effect of its own on the blood-sugar level, and, further, that the response to the injection of insulin was not determined until some hours (sometimes a day) had elapsed since the last administration of extract. The abolition of the hypoglycaemic effect was therefore not the result of an antagonistic hyperglycaemic action of an extract administered with the insulin. Cope and Marks found that the hyperglycaemic action of subcutaneously administered adrenaline was abnormally great in the pituitary-injected rabbits, and explained the abolition of insulin hypoglycaemia in these animals on the basis of the supposition that, under the influence of the extract, the liver glycogen stores were rendered excessively susceptible to the mobilizing action of adrenaline, so that any tendency to hypoglycanmia was prevented by the rapid formation of glucose from the glycogen of the liver.
In an attempt to purify the pituitary substance responsible for these effects, I foun(d that the active principle was present in preparations of the so-called lactogenic hormone-prolactin (Young, 1936 B)-though later investigations showed that the aictive substance was not identical with prolactin, or with the gonadotropic or thyrotropic hormones (Young, 1937 A; . Since the early observations were miade, a number of other investigators have also found that preparations of prolactin miiay exert an influence on carbohydrate metabolism (see Riddle et al., 1937) although it is not yet generally recognized that a contaminant of prolactin, and not prolactin itself, is probably the active principle. I have suggested (Young, 1936 A) that for the puirpose of convenience the active principle should be provisionally named the glycotropic " pituitary factor, without prejudicing the question of whether or not it is identical with any of the known pituitary substances. The investigations to which I shall now refer were carried out with preparations of the glycotropic factor which were rich in prolactin but almost free from the thyrotropic and gonadotropic hormones. If tw-o suitable injections of glycotropic factor are given sixteen hours apart to a fasting intact rabbit, the hypoglyceemic action of 2 units of crystalline insulin, a(lrninistered intravenously some hours after the last pituitary injection, is entirely abolished ( fig. 4 ). Similar, but less striking results can be demonstrated when the glycotropic factor is administered to the hypophysectomized rabbit. The hyperglycaxmlic response to subcutaneously or intravenously administered adrenaline miay be greatlv increased under these conditions. All these responses can be demonstrated in rabbits in which the blood level has not been significantly affected by the anterior pituitary injections alone. As Dr. H. P. Himsworth was interested in the action of the glycotropic factor, I grave him some of our preparations, and he and Dr. McN. Scott (1938 B) were able to show that these were effective in rabbits from which the thyroids or the adrenal glan(ds had been removed. The latter observation is of great importance, as it shows that the glycotropic factor does not exert its action through the medium of adrenaline secreted by the adrenal glands.
Himsworth and Scott (1938 B) also investigated the influence of the glycotropic factor on the action of insulin in the liverless rabbit. Removal of the liver induces a rapid fall of the blood-sugar, which is accelerated by insulin, but in rabbits which ha(l received injections of the glycotropic factor this accelerating action of insulin was absent.
De Wesselow and Griffiths (1936) have found that the injection into young rabbits of plasma from a certain type of human diabetic patient can induce a diminished sensitivity to the hypoglyciemic action of insulin, similar to that produced by the administration of the glycotropic factor. Plasma from normal subjects, and from a different type of diabetic patient, was inactive in this respect. It seems possible, therefore, that the plasma of a particular type of diabetic patient may contain an abnormal amount of the glycotropic factor, which suggests that, in some instances at least, clinical diabetes may be of pituitary origin.
Collip (1934) has shown that if an animal receives daily injections of a preparation of the anterior pituitary thyrotropic substance, the serum of the injected animal may, after many weeks' injection, possess the ability to neutralize the thyrotropic action of the extract. The administration of the antiserum to a normal animal can render it insensitive to the physiological action of the hormone of " antigenic " pituitary preparation. The similar formation of antisera in response to injections of other anterior lobe hormones has since been studied by a number of investigators. If, in some instances, human diabetes is associated with excessive production of the pituitary glycotropic substance, the results of the administration to such cases of antiserum to the glycotropic factor would be of interest. By the prolonged daily administration to monkeys and rabbits of preparations of prolactin, rich in glycotropic substance but containing no detectable thyrotropic or gonadotropic hormones, it was possible to produce an antiserum active in neutralizing the action of prolactin in the pigeon crop-gland, but this serum exhibited no consistent antiglycotropic activity (Young, 1938 c Although in most instances insulin decreases the liver glycogen level, in the young rabbit-as Goldblatt (1929) first showed-the administration of 1 unit of insulin substantially increases the liver glycogen content. Marks and I (Marks and Young, 1938 A) have recently found that in young rabbits treated with relatively purified 51 1311 preparations of the glycotropic factor, this rise under the influence of insulin does not occur. The fact that the initial (i.e. pre-insulin treatment) level of liver glycogen in the animals receiving glycotropic factor was considerably higher than that of untreated animals (vide infra) may have been a contributory cause to this failure to respond to insulin.
(c) Other ob8ervations. The discovery that the glycotropic substance can inhibit the action of insulin in the peripheral tissues (Marks, 1936; Himsworth and Scott, 1938 B) provided a simple explanation of the manner in which dietary changes may influence insulin sensitivity, and Himsworth and Scott (1938 A) have recently obtained definite evidence that the influence of changes of diet on the action of insulin is mediated by the anterior pituitary gland.
The results considered so far indicate that, in the rabbit, the glycotropic factor can abolish the hypoglycwmic and glycogen-storing actions of insulin, without causing a significant rise of blood-sugar level. The mechanism of action is not certain, but it seems clear that the adrenal medulla does not play an intermediary role. The fact that ani animal may become completely resistant to the hypoglyvcemic action of exogenous insulin without itself becoming diabetic is a curious one, an(d requires further investigation.
Preparations of prolactin rich in the glycotropic factor are not diabetogenic in the dog (Young, 1938 B) . On the other hand, the daily administration of anterior lobe extracts possessing glycotropic activity, but containing no detectable prolactin (i.e. the pigeon crop-gland stimulating substance), induces diabetes in dogs (Young, 1938 B) . Although the glycotropic factor is therefore not diabetogenic per se in the dog, it, is possible that this factor is one constituent of a diabetogenic complex.
THE ACTION OF ANTERIOR PIThtITARY EXTRACTS ON THE I1SLET
TISSUE OF THE PANCREAS.
In 1933, Anselmino, Herold and Hoffmann claimed that the administration of an anterior pituitary extract to rats results, in a few days, in a substantial increase in the number and size of the islets of Langerhans of the pancreas. This increase was assessed solely on the basis of the histological appearance of isolated or serial sections of the pancreas, a method which is obviously open to objections. It is not surprising therefore that there has been much disagreement with regard to the question of this alleged " pancreotropic " action of anterior lobe extract (for references, see Richardson and Young, 1937) . Richardson and Young (1937) , using a tedious but objective method for the quantitative determination of the pancreatic islet tissue in the rat, found that the amouint of islet tissue in animals which had received daily injections of a crude saline extract of fresh ox anterior lobe for from twi-o to three weeks was about twice that of control animals. Anselmino et al. used an aqueous extract of acetone-dried anterior lobe, and in our experiments this type of extract was without significant effect on the amount of islet tissue, although some pancreases exhibited giant islets and a histological picture which has been interpreted bv maniy workers as indicative of proliferative activity of the islet tissue. It seemed of significance that the type of extract which produced diabetes in dogs was that which we found to be effective in increasing the anmount of islet tissue in rats, and the possibility was visualized that the islet hypertrophy was a compensatory response to a diabetic condition induced by injections of the extract, prompter and more effective in the rat than in the dog. However, the blood-sugar levels of groups of rats receiving this type of extract were within normal limits, and, although the possibility could not be ruled out entirely, it seemed improbable that the islet hypertrophy in the rat could be merely a compensatory response to the diabetogenic action of the extract.
These results with the rat suggested the necessity of seeking indications of islet hypertrophy in pancreatic tissue from dogs which were receiving daily injections of a diabetogenic pituitary extract. Pancreas from two such animals was examined by Richardson and Young (1938) , who found indications of unusual mitotic activity in the islet cells. Hydropic changes were present in other cells. Mitosis is rarely seeii in the pancreatic islets of the normal dog, and mitotic figures were sufficiently common in the islets of these animals to suggest that an unusual rate of proliferation of the islet tissue was occurring. In the absence of quantitative data on the amount of islet tissuie in these pancreases, it was, of course, impossible to determine whether or not any significant increase in the amount of islet tissue had occurred. It should be pointed out that there is, as yet, no evidence that any islet tissue formed under the influence of anterior pituitary extracts is capable of secreting insulin. If, however, one response of the dog's pancreas to diabetogenic extracts is a relatively slo-functional proliferation of the islet tissue, then the ability of a dog to become resistant to the diabetogenie action of a small daily dose of extract(videsupra) would find an explanation. We (lo not know w-hether a saline extract of fresh aniterior lobe contains a specifie substance causing islet-tissue hypertrophy, or w% hether this activity is associated with one of the recognized pituitary hormones. Richardson and Young (1937) failed to find evidence that the increase of islet tissue in rats was merely a compensatory response to the diabetogenic activity of the crude extract, but until the " pancreotropic substance " has been separated from other pituitary factors-if indeed this is possible-its individuality must remain in doubt. It is clear, however, that should it prove possible to prepare a "pancreotropic substance " free from Russell and Bennett (1936) and Fisher, Russell and Cori (1936) found that hypophysectomized rats lose liver and muscle glycogen at an abnormally high rate during a short fast, and that the abnormal loss of muscle glycogen but not of liver glycogen coiuld be prevented by treatment with a cru(le anterior pituitary extract during the fast. Subsequently I found (Young, 1937 B) that adult rabbits receiving injections of the glycotropic factor during a short period of fasting possessed, at the end of the fast, substantially more liver and muscle glycogen than did control animals. Further investigations on this point were carried out by Marks and Young (1938 A)using youing rabbits. It was found that as well as conitaining a greater percentage of glycogen, the livers of young rabbits receiving injections of anterior lobe extract during a short fast were substantially heavier than those of control animals, the increase in weight of the livers being proportional to the increase in glycogen content (fig. 5 ).
The total amount of glycogen in the livers of the injected young rabbits was therefore muich greater than that of control animals, in one instance being eleven times as, great. The greater liver weight was due to the presence of extra total water, fat, and glycogen, in the livers of the animals receiving anterior lobe treatment. Best and Campbell (1936) first clearly showed that the action of aniterior lobe extracts may lead to an increase in liver-fat content, and it is interesting to find in our experiments that a rise of liver fat may be accompanied by the accumulation of abnormal amounts of liver glycogen.
The source of the extra liver glycogen in our experiments is not at all clear. As the glycogen level of the muscles is also raised, muscle glycogen cannot provide the source. Russell and Bennett (1936) believe that in their experiments the greater glyeogen content of the pituitary injected, as compared with that in uninjected fasting hypophysectomized rats, was due to a reduction in the rate of utilization of carbohydrate during the fast. The possibility that the evidence might also be interpreted as indicating increased glyconeogenesis from fat during the fast was indicated bv Young (1937 B) . 
THE INFLUENCE OF ANTERIOR PITUITARY EXTRACTS ON KETOGENESIS.
In 1930 Burn and Ling showed that the administration of a crude anterior lobe extract to fat-fed rats resulted in a substantial increase in ketone excretion. The stimulating influence of the anterior pituitary gland on ketogenesis has subsequently been confirmed by a number of investigators, but as yet little is known of the nature of the active principle. The crude extracts used to produce diabetes in dogs in the experiments I have discussed above undoubtedly contain the pituitary ketogenic factor. An investigation of the nature and action of the ketogenic substance in these extracts is being undertaken by Dr. C. H. Gray (Gray, 1938) .
The nature of the diabetogenic factor of anterior pituitary extracts.-Two years ago, after discussing the relevant evidence then available, I suggested (Young, 1936 A) that the diabetogenic action of anterior pituitary extracts in normal animals might be due to the combined actions of as many as three different factors. The evidence which has accumulated during the last two years has thrown no definite light on this question, but has shown quite clearly that a substance which is not diabetogenic in an intact dog can provoke a substantial glycosuria in a hypophysectomizeddepancreatized dog (Long, 1937 ). Long has found that prolactin is particularly effective in this respect, and it seems probable that the glycotropic factor is the active principle concerned. As Long (1937) has pointed out, the evidence indicates that another factor, besides that inducing glycosuria in the " Houssay " (i.e. the hypophysectomized-depancreatized) dog, appears to be required for the production of glycosuria in the intact dog. Prolactin (glycotropic ?) preparations do not induce ketonuria in hypophysectomized-depanereatized dogs (Long, 1937) or in intact dogs or rabbits (Young, 1938 B ) SO that we must visualize the possibility that for the production of glycosuria + ketonuria (diabetes ?) in both the " Houssay " and the normal dog, the co-operation of the ketogenic pituitary substance is required. If, as seems possible, the labile factor essential for the production of glycosuria in the intact dog is less stable than the ketogenic factor of Burn and Ling (1930) , then the assumption must be made that the co-operative action of at least three factors is necessary for the exhibition of diabetogenic activity in the intact dog, whereas only two may be required for the intensification of the diabetic condition of the " Houssay" dog. Further investigations are necessary, however, before any definite conclusion can be drawn concerning the identity of what may be called the diabetogenic complex of the anterior pituitary gland.
The difference in response of the " Houssay " dog and the intact dog to anterior lobe preparations is presumably due to the presence of the pancreas in the normal Section of Therapeutics and Pharm.vcol(tyd animal. In this connexion it is interesting to note that Hotisa.7y (1937) finds that the pancreas of a dog made temporarily diabetic by daily .an11terior i6be injections, secretes less insulin than norrnal. The evidence for this belief rests on the results of experiments in which the pancreas of such a diabetic dog is grafted into the neck of a previously depancreatized dog. In such an experiment the blood-sugar of the depancreatized dog falls mlore slowlv than when a pancreas fromii a normal dog is grafted. Any relationship between this observation and that of the " phncreotropic " action of anterior lobe extracts is not at all clear at present. The observations of Richardson and Younig (1938) do not lead one to suspect that lesions of the pancreatic islets play a major role in the production of the temporary diabetes in injected dogs.
The mechanism of the diabetogenic action of anterior lobe extracts.-There are two classical theories concerning the cause of the glycosuria in diabetes: (a) That it results from an " overproduction " of sugar in the liver (Bernard. 1S77); (b) that it is caused by a lack of utilization of sugar in the tissues whichi norimally oxidize this imaterial (Minkowski, 1893) . The evidence for and against these two theories has recently been discussed at some length, from the point of view of their historical development (Young, 1937 c) and it is not necessary to discuss themii generally at present. The evidence we have been considering concerning the action of anterior lobe extracts on carbohydrate metabolism in general (see Table IT for summary) provides support for the belief that an increased production ai(l mnobilization of carbohydrate, possibly from fat, may occur in the liver as the result of anterior lobe treatment, and that the peripheral utilization of sugar may be inhibited. Fat mobilization may also occur. Houssay and Biasotti (1931) bnelieve that the anterior pituitary gland stimulates the production of sugar from protein, and although conclusive evidence is lacking, the possibility cannot be ignoredI that sulch production may occur at the expense of fat. The important observationrs established by Cori, Russell and Bennett, and their co-workers (see Russell, 19, 38 , for a recent review) may also be interpreted as indicating that a diminished oxidlation of carbohydrate occurs as the result of treatment with crude anterior pituitary extracts. It is possible, therefore, that in the normal animal the finely adjusted balance w-hich is maintained between sugar production in the liver and sugar utilization in the extralhepatic tissues, is controlled by the balanced antagonistic actions of insulin and the anterior lobe diabetogenic factor, both acting peripherally on the muscles, as w ell as on the central production of sugar in the liver. As I have already suggested (Young, 1936 A) the case of the heart-beat may be analogous. The heart has the intrinsic property of beating rhythmically, although the actual rate and type of beat is adjusted by the mutually antagonistic actions of the sympathetic and parasympathetic nerve supplies. Similarly, inherent processes of manufacture of sugar in the liver an(l utilization in the peripheral tissues probably exist, these processes being inti-Ksic plroperties of the relevant tissues ; the precise mutual adjustment of the rates of these two processes is mediated by the endocrine system, the antagonistic actions of insulin and the pituitary factors playing an important role in this adjustment. If this is so, then freedom from diabetes is the result of a precise regulation of the relative potencies of the pancreatic and pituitary factors. If, for any reason, the regulation is faulty, so that pituitary effects predominate, then diabetes may result. The nature of the regulating mechanism is beyond our present discussion, but it should be mentioned that some workers believe that the hypothalamus is implicated. The cause of the permanently diabetic condition resulting, in dogs, from anterior lobe treatment, does not become clear as the result of this discussion. Whether it is a secondary phenomenon, resulting from islet lesions produced by the temporary diabetes, or whether it is of primary significance, and induced by a mechanism independent of that causing the temporary phase of the diabetic condition, cannot be settled at present. The first possibility is perhaps the more probable, and if it is correct, then one mcay find clinically that a short period of diabetes mellitus due to overaction of the pituitary gland, may persist after the action of the hypophysis has returned to its normal level, the persistence being due to pancreatic islet lesions.
It is clear from the discussion that our knowledge of the role of the hypophysis in the aetiology of diabetes is still in a very elementary condition. The large number of published papers on this subject, often mutually contradictory, can be a source of embarrassmnent rather than an aid to fuiture development. Perhaps few Nill disagree with the statement of that great physiologist, Claude Bernard, who is recorded as saying to a friend: " It is that of which we are aware which is a great hindrance to our learning that which is yet unknown to us."
